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通过建立小鼠急性移植物抗宿主病（Acute graft versus host disease，aGVHD）
模型，采用流式细胞术、实时定量 PCR、ELISA、病理学等方法，研究组蛋白去
乙酰化酶抑制剂（Histione deacetylase inhibitor ，HDACI ）对小鼠 GVHD 的影





移植后小鼠随机分为两组：SAHA 治疗组：腹腔注射 SAHA 35g/kg/次，d3，5，7，
9，11；DMSO 对照组：腹腔注射 DMSO 剂量 350μl/kg/次，d3，5，7，9，11。 
2、观察 SAHA 治疗组与 DMSO 对照组小鼠 aGVHD 的发生率、临床表现及
生存时间；移植后+2d、+4d、+7d 行小鼠外周血白细胞计数检测造血重建，+15
天 PCR 扩增外周血基因组 Y染色体检测骨髓植入是否成功；取濒死或实验终点小
鼠的肝、脾、小肠组织，行病理学检测。 
3、流式细胞术每周检测 SAHA 治疗组与 DMSO 对照组小鼠外周血
CD4+CD25+Foxp3+细胞的百分含量；以 β-actin 为内参照，实时定量 PT-PCR 检
测 SAHA 治疗组与 DMSO 对照组小鼠 Foxp3mRNA 的相对表达量，采用溶解曲
线和琼脂糖电泳鉴定 PCR 产物特异性。 
4、ELISA 试剂盒检测 SAHA 治疗组与 DMSO 对照组小鼠外周血细胞因子
白细胞介素-2（Interleukin-2 ，IL-2）及转化生长因子-β1（Transforming growth 
factor β1，TGF-β1）。 
5、统计学处理:数据统计分析采用 SPSS 13.0 统计软件包进行处理，实验所
得数据以均数±标准差（⎯x±SD）表示，多组间比较采用 One-way ANOVA 统计
方法分析，移植后外周血林白细胞亚群变化采用重复测量统计分析，组间比较采
















线性数量关系用 linear regression 进行逐步回归统计分析。P〈0.05 为差异具有统
计学意义。 
结果 
1、经 TBI 的 BALB/C(H-2d)受鼠，尾静脉联合输注 C57BL/6 (H-2b)供鼠的新
鲜脾脏、骨髓单个核细胞悬液后，移植后+7d WBC 均大于 1.0×109/L，提示造血
重建；SAHA 治疗组与 DMSO 对照组在不同时间段均出现 aGVHD；移植后+15d 
SAHA 治疗组与 DMSO 对照组外周血 PCR 产物中均能检测到供鼠 Y 染色体，提
示供鼠骨髓细胞在受体内植入成功。 
2、SAHA 治疗组较对照组小鼠出现 aGVHD 时间推迟，程度减轻、生存时
间延长。SAHA 治疗组生存率与 DMSO 对照组相比，差异具有显著性（P<0.05）；
SAHA 治疗组与 DMSO 对照组小鼠 aGVHD 发生率为 100%。aGVHD 评分显示：
SAHA 治疗组与 DMSO 对照组各周 aGVHD 评分相比，移植后第一周 SAHA 治
疗组与 DMSO 对照组差异无显著性（P>0.05），移植后第二周、第三周、第四周
SAHA 治疗组 aGVHD 评分均低于 DMSO 对照组，差异具有显著性（P<0.05）。
SAHA 治疗组与 DMSO 对照组小鼠 GVHD 发生时的病理改变基本一致，DMSO 对
照组病变较为严重。提示 SAHA 能有效减轻 GVHD 的临床表现及严重程度。 
3、SAHA 治疗组小鼠外周血 CD4+CD25+Foxp3+细胞阳性百分率移植后随
时间呈逐渐递增趋势；DMSO 对照组小鼠外周血 CD4+CD25+Foxp3+细胞阳性百
分率随时间呈逐渐递减趋势。移植后+7d SAHA 治疗组小鼠 CD4+CD25+Foxp3+
细胞比例与 DMSO 对照组差异无显著性（P>0.05）；移植后+14d 、+21d SAHA
治疗组 CD4+CD25+Foxp3+细胞比例均高于 DMSO 对照组，差异具有显著性
（P<0.05）。移植后+12d 行 RT-PCR 检测 SAHA 治疗组与 DMSO 对照组小鼠外周血
Foxp3mRNA 表达水平示 SAHA 治疗组 Foxp3mRNA 相对表达水平较 DMSO 对
照组明显升高，差异具有显著性（P<0.01）。 
4、移植后+12d，SAHA 治疗组 IL-2 水平显著低于 DMSO 对照组水平，差

















1．MHC 不相合的 C57BL/6 (H-2b)、BALB/C(H-2d)小鼠分别为供、受鼠，受
鼠经 6.0 Gy 全身照射后，输注异基因供鼠脾脏、骨髓单个核细胞，可以诱导出
MHC 不相合的造血干细胞移植后 aGVHD 小鼠模型； 
2．SAHA 可延迟 aGVHD 的发生，减轻 aGVHD 的严重程度； 
3. SAHA 可提高移植后小鼠外周血 CD4+CD25+Foxp3+Treg 的比例，抑制了
前炎症因子的瀑布效应，增强了免疫抑制效应，减轻各器官脏器的免疫攻击效应，
从而在一定程度上改善了 GVHD 的临床症状和致死率； 
4. SAHA 可降低移植后小鼠 IL-2 的水平，提升 TGF-β的水平； 
5．SAHA 减轻 aGVHD，可能是通过提升 CD4+CD25+Foxp3+Treg 细胞的比
例，提高 TGF-β的水平，降低 IL-2 的水平实现的。 



















To investigate the influence of histione deacetylase inhibitor(HDACI) to 
GVHD.Through the establishment of GVHD model, using real-time PCR, flow 
cytometric analysis methods, ELISA, pathology and so on ,to research the effection of 
HDACI on GVHD and to explore the Immune adjustment mechanism reducted 
GVHD by HDACI., which expored the molecμlar biological mechanism reducted 
GVHD by HDACI. 
Materials and Methods: 
1.Establishment of the murine model of GVHD using female postradiation 
recipient BALB/C(H-2d) mice irradiated as condition regimen(6.0Gy，3Gy /min) and 
subsequently transplanted with bone marrow cells(1.6x106)and splenic cells（1.8x106）
from donors.After transplanted 3 days,the Treatment group of mice were given 
SAHA(35g/kg)ip for 5 times（d3，5，7，9，11）,while estabilsh the blank control group 
only given 350μl/kgDMSO ip for 5 times（d3，5，7，9，11）. 
2.To investigate the survival of mice、manifestations of aGVHD and pathology 
for aGVHD;To explore hematopoiesis reconstitution after transplantation+2d、+4d、
+7d，and detect chromogene Y in peripheral blood of recipients by PCR on 
+15d,which revealed that the transplantation was successfμl;End of the experiment 
mice or dying,taking the liver, spleen, small intestine, for pathological testing. 
3.Assays of proportions of CD4+CD25+Foxp3+ regulatoryT cells were 
determined with flow cytometry(FACS) both the Treatment group and the blank 
control group each week.The expression levels of Foxp3 were measured by Real-time 
PCR with SYBR Green I technique in different groups.The specificitis of products 
were identified by The Melt Curve and The agarose gel electrophoresis. 
4.After 5 times SAHA ip were over,exam the average cytokines levels of  IL-2, 
TGF-β in peripheral blood of treatment group and blank control group by enzyme 
linked immunosorbant assay(ELISA). 















value the expression of Foxp3 gene in peripheral blood,whereas for different group 
comparisons,one way ANOVA(LSD/Dunnett’T3) was used after 5 times SAHA ip 
were over.For proportions of CD4+CD25+Foxp3+Treg regulatoryT cells 
analysis,repeated measures was used.The linear regression test was used for 
regression analysis.AP value of 〈 0.05 was considered statistically 
significant.Moreover,Kaplan-Meier curve was used to express the survival of different 
groups of mice after HSCT. 
Resμlts 
1.the murine model of GVHD using female postradiation recipient 
BALB/C(H-2d) mice irradiated as condition regimen and subsequently transplanted 
with bone marrow cells and splenic cells from donors attained hematopoiesis 
reconstitution on +7d after transplanted, the WBC counts from both of groups were 
higher than 1.0×109/L;GVHD in each group was induced in different time; 
Chromogene Y was detected in peripheral blood of recipients by PCR on +15d,which 
revealed that the transplantation was successful. 
2.In the SAHA treatment group，The time of aGVHD appeared was delay  and 
the extent of aGVHD was reduced . SAHA treatment group, compared with the blank 
control group,had a statistically significant difference the Manifestation of aGVHD 
All mice in two group had aGVHD with the incidence of 100%.It indicated that 
SAHA may be effectively used to reduce the seriousness of aGVHD. aGVHD score 
was: in the first week after transplantation, SAHA treatment group and the DMSO 
control group, no significant difference (P> 0.05), the second week after 
transplantation, and the third weeks, Four weeks aGVHD SAHA treatment group 
scores were lower than the DMSO control group, the difference was significant (P 
<0.05). SAHA treatment group and the DMSO control group, GVHD occurs when the 
recipient mice is consistent pathological changes, DMSO control group, more severe 
lesions. SAHA can effectively reduce GVHD prompted the clinical manifestations 
and severity. 
3. The analysis of proportions of CD4+CD25+Foxp3+Treg regulatoryT 















CD4+CD25+Foxp3+Treg regulatory T cells were significantly increased. DMSO 
control group, peripheral blood CD4+CD25+Foxp3+cells positive rate was gradually 
decreasing trend with time.Expect the time when tranplanted after +7d,the  
proportions of CD4+CD25+Foxp3+Treg regulatoryT cells were not different between 
two groups,but After transplantation, +14 d, +21 d SAHA treatment group, CD4 + 
CD25 + Foxp3 + cells was higher than the DMSO control group, the difference was 
significant (P <0.05).Real-time PCR was used to analyze the expression level of 
Foxp3 mRNA in the blood of both groups:the expression of Foxp3 mRNA in 
treatment group was higher than the control group. 
4.The examination of levels of IL-2、TGF-β1 in peripheral blood: After treated 
with SAHA for 5 times in treatment group,the average levels of IL-2 and TGF-β were 
significant difference between the two groups. Meanwhile the average levels of IL-2 
paralleled with aGVHD scores（P<0.01）, the average levels of TGF-β on the contrary 
with aGVHD scores（P<0.01）. 
Conclusion 
1. MHC mismatched C57BL/6(H-2b), BALB/C (H-2d) mice were donor mice and 
recipient mice, after the recipient mice were irradiated 6.0 Gy whole body , the 
infusion of allogeneic donor mice spleen, bone marrow mononuclear cells can be 
induced model of aGVHD. 
2. SAHA can delay the occurrence of aGVHD and reduce the severity of 
aGVHD; 
3. SAHA in mice after transplantation of peripheral blood can increase the CD4 
+ CD25 + Foxp3 + ratio, inhibiting the waterfall effect of proinflammatory cytokines 
and enhance the immunosuppressive effect, reducing the immune attack of the Organ 
effects, which to some extent, improve the GVHD The clinical symptoms and 
mortality 
4.SAHA may reduce the level of IL-2, enhance the secretion of TGF-β 
5. SAHA reduce aGVHD, probably by enhancing CD4 + CD25 + Foxp3 + Treg 
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英文缩写 LIST OF ABBREVIATION 
英文缩略词       英文全称                  中文名称 
HSCT           Hematopoietic stem cell transplants        造血干细胞移植 
GVHD              Graft versus Host Disease             移植物抗宿主病 
aGVHD         Acute graft versus Host Disease         急性移植物抗宿主病 
GVL                Graft-versus-liukemia                移植物抗白血病 
HAT                 Histone acetylase                组蛋白乙酰化酶 
HDAC                Histone deacetylase             组蛋白去乙酰化酶 
HDACI           Histone deacetylase inhibitor      组蛋白去乙酰化酶抑制剂 
SAHA           suberoylanilide hydroxamic acid                  异羟肟酸 
DMSO             Dimethylsμlfoxide                   二甲基亚砜 
PBS           Phosphate bufferd solution               磷酸盐缓冲溶液 
MNC                 Mononuclear cell               单个核细胞 
PBMC          Peripheral Blood Monomuclear Cell     外周血单个核细胞 
FCM                 Flow Cytometry                 流式细胞仪 
RT-PCR             Real-time PCR                   实时定量 PCR 
HE            Hematoxylin-eosin staining             苏木素曙红染色 
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Treg              Regμlatroy T cell                   调节性 T 细胞 
APC               Antigen presenting cell             抗原提呈细胞 
CTL               Cytotoxic T lymphocyte           细胞毒 T 淋巴细胞 
TGF-β1            Transforming growth factor β1           转化生长因子β1 
IL-2                Interleukin-2                       白介素-2 
Th                 T helper lymphocyte               辅助性 T 细胞 
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